Background Helicobacter pylori is among the most common infections in humans and has been recognized as major cause of various gastroduodenal diseases. There is limited knowledge, however, on the prevalence and determinants of this infection in children. We addressed these issues in a population-based cross-sectional study in Southern Germany.
H. pylori occurs in all parts of the world. Prevalence in childhood ranges from 5-10% in developed countries to 80-90% in developing countries. 13 Variation in prevalence within populations seems to be largely associated with socioeconomic factors. Low socioeconomic status and poor living and housing conditions are clearly related to infection status.
14 Differences between age groups in adulthood within a population seem to reflect a birth cohort effect, indicating a higher rate of infection in earlier decades caused mainly by poor living conditions in earlier birth cohorts. 15 As of today, humans are the only identified source of infection of H. pylori. 16 Current knowledge implies various pathways of agent transmission, favouring a person-to-person mode of transmission early in life. Both fecal-oral as well as oral-oral transmission may occur and may be of different relevance among various populations. 17 Most previous studies have been carried out in clinical settings and sample size was small in most studies. There is limited evidence concerning the prevalence, determinants and mode of infection in representative population samples. The objectives of this study were to determine prevalence and determinants of H. pylori infection in a population-based sample of children. Therefore, we conducted a cross-sectional study in preschool children in the city of Ulm in southern Germany.
Methods

Study population and study design
In Germany, school attendance is mandatory, and all children who are to attend school for the first time have to undergo a medical examination to determine fitness for school. The examination is conducted by physicians of the public health service. In this cross-sectional study all children who were to attend first grade in the school year 1996/97 and who were residing within the city limits of Ulm, a city of about 100 000 inhabitants, located in the South of Germany, were included. Participation in this study was voluntary and was scheduled concurrent to the routine medical examination from January until July 1996. The study was approved by the Ethics Board of the University of Ulm. Informed consent of parents was obtained in each case.
Data collection 13 C-urea breath test
Infection status was determined by 13 C-urea breath test which indicates active infection with H. pylori. First, an initial breath sample was colleaed in a plastic bag. The children then received 200 ml of apple juice (pH 2.2-2.4) which contained 60 mg of non-radioactive labelled I3 C-urea (Mass Trace, Woburn, USA). Thirty minutes later, a second breath sample was colleaed. The breath samples were analysed with an isotope seleaive nondispersive infrared spearometer (NDIRS; Wagner-AnalyticalSystems, Worpswede, Germany). A change in the 8 13 C value over baseline of more than 5%o was considered positive.
The accuracy of the 13 C-urea breath test in children is similar to that in adults.
18 ' 19 Recently, it has been shown that this test has an ideal performance for the diagnosis of H. pylori infeaion giving perfea concordance with culture and rapid urease tests. Sensitivities and specificities of the 13 C-urea breath test dose to 100% have consistently been reported.
20
Self-administered questionnaire The children's parents were asked to fill out a standardized questionnaire which was sent by mail 1-2 weeks prior to the medical examination. The questionnaire asked for information about family demographics, socioeconomic status, housing, and living conditions. Because the study population included a large proportion of Turkish children, the questionnaire was also offered in Turkish.
Statistical analysis
The proportions of infeaed children and 95% confidence intervals (CI) were calculated according to nationality and place of birth. The bivariate association of variables concerning family demographics, socioeconomic status, housing and living conditions with infeaion status was assessed after stratification for nationality and tested for significance using the MantelHaenszel f} test. 21 We used Breslow's extension 22 of the multivariable Cox model 23 to estimate prevalence rate ratios (PRR) from crosssectional data, as described by Lee, 24 to describe the independent association of personal and environmental faaors and living conditions (independent variables) with infeaion status (dependent variable). This enabled us to simultaneously adjust for potential confounding variables. The following variables were considered in the model: nationality (German, Turkish, other), place of residence in the first year of life (in Germany, elsewhere), sex, age in years, education of the mother («:9 years, 10-12 years, >13 years), education of the father (<9 years, 10-12 years, 5*13 years), birth order (1st, 2nd, 3rd, >3rd), housing density (m 2 per person living in household: <12, > 12-18, >18-23.5, >23.5). Levels of school education reflea the various degrees in the German school system. Categories of housing density were chosen to ensure reasonably large numbers of children within categories of each of the three major national groups (which strongly differed in the distribution of housing density). All analyses were carried out with the SAS statistical software package. 25 Two-sided P-values <0.05 were considered significant in all analyses.
Results
Overall, 945 of the 1201 (79%) eligible preschool children participated in the study. As shown in Table 1 , the children were aged 5 (23.7%), 6 (68.7%). 7 (7.2%), and 8 (0.4%). The majority of the children (72.5%) were of German nationality (n = 685), but 11.1% were Turkish (n = 105), 9.8% from various Mediterranean countries (n = 93), 3.2% from various other European countries (n = 30) and 3.2% from non-European countries (n = 30).
In total, 127 of the 945 children (13.4%) had a positive 13 C-urea breath test for H. pylori. Table 2 shows the prevalence of infection with H. pylori according to nationality. The crude prevalence in children of German nationality was 6.1% (95% CI : 4.5-8.2%). Place of residence in the first year of life was a powerful predictor of H. pylori status within this group. Children of German nationality who had lived in Germany since their first year of life had a prevalence of infection of 4.8% (95% CI: 3.3-6.8%). Children of German nationality who came to Germany after their first year of life (mainly children of immigrants of German origin from East European states) had a prevalence of 40.0% (95% CI: 21.1-61.3%).
Children of Turkish nationality had a 44.8% (95% CI: 35.0-54.8%) prevalence of infeaion. Turkish children who had lived in Germany since their first year of life had a lower prevalence when compared with other Turkish children (42.7% versus 66.7%); however, due to the small numbers the CI were wide and strongly overlapping. Children from other European countries had a prevalence of 28.5% (95% CI: 20.7-37.3%); children from non-European countries had a prevalence of 10.0% (95% CI : 2.1-26.5). Among the latter two groups, which included children from a large number of different countries, as among the children with Turkish nationality, apparent differences in prevalence of infection by place of residence in the first year of life have to be interpreted with caution given the small number of children in some of the categories. Regardless of nationality, prevalence of infeaion was 10.6% (95% CI: 8.6-12.8%) for children who had lived in Germany since their first year of life and 37.3% (95% CI : 27.9-47.4%) for other children. Table 3 shows the prevalence of H. pylori infeaion according to family demographics, socioeconomic status, housing, and living conditions, after stratification by nationality. The highest proportion of H. pylori-infected children was found in the oldest children in all three groups of nationality. Overall, there was no significant gender difference for prevalence of H. pylori infeaion (P = 0.139), although there was a higher prevalence of infeaion in girls (33.3%) compared with boys (17.8%) in the group 'other' (P= 0.027).
The age a child came to Germany was an important determinant of H. pylori prevalence in all three groups. Children who came to Germany in the third to sixth year of life had the highest proportion of H. pylori infertion. Among these children, prevalence ranged from 66.7% in children with Turkish nationality and 57.1% in children with German nationality to 42.4% in children with other nationality. However, among the children with Turkish nationality the number of such children was very small. There was a weak trend toward increasing H. pylori positivity with increasing numbers of siblings in children with German and Turkish nationality, but not in other children.
Overall, birth order was not a significant prediaor of H. pylori infeaion status. Among the children of German nationality, 7.1 % of the third-born and 11.1% of subsequently-born children were infeaed with H. pylori compared to 5.6% and 5.4% of the first or second bom children, respeaively. However, as in the other groups the number of children with higher birth order were small.
Residential crowding was significantly related to prevalence of infection (P = 0.004). The highest proportions of infeaed children were found in the most aowded households (<12 m 2 per person). Prevalence of infeaion was inversely related to both school education of the mother and the father (P < 0.001 for the population overall), but this relation was no longer statistically significant after stratification by nationality (P = 0.111 and 0.129, respeaively). Table 4 shows the results of the multivariable analysis. Prevalence rate ratios and 95% CI were calculated for each variable after adjustment for all other variables in the table. Children of German nationality who were born abroad and came to Germany after their first year of life had a PRR of 6.9 (95% CI: 3.2-15.1), compared to children of German nationality who had lived in Germany since their first year of life (reference population). Children of Turkish nationality had a PRR of 4.9 (95% CI : 2.7-8.9) if they had lived in Germany since their first year of life and a PRR of 6.6 (95%CI : 2.3-19.1) if they came to Germany later when compared with the reference population. The children of 'other' nationality who had lived in Germany in their first year of life had a PRR of 3.1 (95% CI : 1.6-6.1) and those who had lived elsewhere a PRR of 4.6 (95% CI : 2.4-8.6) when compared to the reference population. Sex of the child, age, birth order and mother's and father's education did not contribute significantly to the prediction of infeaion status. A further variable that was identified as an independent risk faaor for prevalence of infection was housing density. A gradient between the variable measuring household density (m 2 per person living in one household) and rate ratio of infection with H. pylori was observed. The PRR ranged from 
Discussion
We investigated the prevalence of H pylori infeaion as determined by the 13 C-urea breath test in a population-based sample of healthy preschool children in Southern Germany and found an overall prevalence of 13.4%. There was considerable variation in prevalence of H. pylori infeaion with respea to nationality, and with respea to place of residence in the first year of life. In addition, faaors indicating residential aowding were important independent prediaors of H. pylori infeaion. Infection with H. pylori in children is rare in developed countries when compared to less-developed or eastern European countries. 13 Goodman etal. conducted a study in 684 Colombian children among whom prevalence of infection increased from 53% in 2 year olds to 87% in 9 year olds. 27 A sample of 426 11 year old schoolchildren in Edinburgh, Scotland showed a prevalence of H. pylori infection of 11 % as determined by measurement of salivary IgG against H. pylori? Another study from France conduaed in children requiring upper fibroscopy showed a prevalence of 5% in the 4-6 years age group (n = 40) and of 15% in the 6-8 years age group (n = 60). 28 Furthermore, in 367 children in Belfast, Northern Ireland, undergoing routine non-gastrointestinal day surgery, 21.4% of children aged <6 years and 29.6 % of children aged 6-8 years were seropositive for H. pylori, 29 and in a study from Belgium in similar patients (n = 205) seroprevalence was 8% in 6-10 year olds. One population-based study from Finland conducted in 461 children and adolescents aged 3-18 showed a seropositivity of 10.2% and, furthermore, could demonstrate that annual incidence is relatively small, suggesting that most H. pylori infections may be acquired in very early childhood. 31 However, infection status in the various studies has been determined by different means. Therefore, a comparison of the estimated prevalence figures is limited because serological tests or measurement of salivary IgG against H. pylori do not allow a dear distinction between current or past infection and may therefore lead to false positive results.
Helicobacter pylori has now been detected in faeces, dental plaque, 33 and saliva. 34 In a study from Chile, consumption of vegetables fertilized with human faeces was found to be a risk factor for infection. 35 Also, waterbome or zoonotic modes of transmission was suggested in some regions, 36 ' 37 but these pathways may be of minor relevance in Germany.
In our study we found a considerable difference in infection with respect to nationality and duration of living in Germany. In particular, there was a very large difference in prevalence of infection between children living in Germany during their first year of life and other children. These findings suggest that living conditions or exposure to environmental factors in very early childhood are likely to play the key role in acquiring H. pylori infection. Relevant factors may include cultural practices, nutritional factors or sanitary circumstances. In this study population, parents of children who came to Germany later in life left regions with a high prevalence of H. pylori infection; parents with German nationality mainly from eastern European countries. A study from Poland has indeed shown that prevalence of H. pylori infection is comparable to that found in developing countries. 38 The increase in prevalence from ages 5 or 6 to age 7 or 8 might partly be explained by nationality and place of residence in the first year of life. The increase in prevalence with age was strongly reduced and no longer statistically significant after control for these factors in multivariable analysis (Table 4) .
The low prevalence in children of German nationality who had lived in Germany since their first year of life is consistent with a constant improvement in living and housing conditions and decreasing family size over time in this country. Factors associated with residual crowding are relevant risk factors for H. pylori infection in this group, pointing to the role of close personto-person contact as also supported by another study. 39 The observed patterns and the widespread prevalence of H. pylori infection in children of Turkish nationality, mainly children of immigrant workers, was roughly parallel to prevalence patterns of a sero-marker for hepatitis A (anti-HAV IgG), found in a study from Berlin that compared German children with foreign children who were living in Germany. 40 The similar epidemiology of the hepatitis A virus and infection of H. pylori are suggestive of a similar route of transmission, which is fecal-oral for hepatitis A. Although community-wide fecal-oral spread of H. pylori is unlikely as data from China suggest, 41 the relative importance of fecal-oral and oral-oral routes within a family setting remain still to be determined.
Because the prevalence of infection with H. pylori in the studied population has been shown to vary considerably between subgroups, the subsequent burden of H. pylori associated morbidity may evolve very differently in these subgroups. This has important implications for the eventual application of public health measures in the identified risk groups.
Our study is among the first and the largest to report the prevalence of infection in a representative population sample of preschool children. Another strength of this study is that it employed the I3 C-urea breath test to determine current infection status. This is the only test which indicates a current infection with H. pylori that is suitable for a large population of healthy subjects. The high sensitivity and specificity of this screening test allows estimation of the prevalence of infection in a population with sufficient accuracy. Given the high response rate, the possibility of substantial selection bias seems also remote. The estimated prevalence is therefore likely to accurately reflect the prevalence of infection in the 5-8 year age group.
Conclusion
Infection with H. pylori in preschool children of German nationality who were born in Germany or who had lived in Germany since their first year of life is unusual, but other populations living in Germany have a high rate of infection. Children who belong to a population originating from a high prevalence country have particularly high prevalence of infection and may be identified as target groups for eventual intervention. It remains to be seen whether interventions can be designed which will reduce future H. pylori-associated disease in infected children.
